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DESCRIPTION

DISPLAY CONTROL APPARATUS AND COMPUTER-READABLE RECORDING
MEDIUM

TECHNICAL FIELD

[0001] The present inwvention relates to a display
control apparatus and a computer-readable recording medium.
BACKGROUND ART

[0002] A technique in which images of all directions at
an imaging spot are imaged to make an omnidirectional view
at the imaging spot into one piece of image has been known.
For example, in Patent Literature 1, the invention of an
observation device that converts images of all directions
at an imaging spot into an image for display, and displays
the image for display on a display unit of a cylindrical
casing is disclosed. Moreover, a technique in which a part
of an image in which all directions at an imaging spot are
put into one piece of image is displayed on a display of a
personal computer in such a form that a predetermined
direction is actually viewed from an imaging spot has been
known. Furthermore, a technique of changing a display
range (direction) of an image arbitrarily according to the
operation of a user has been known.

[0003] However, with the conventional techniques, it has
been difficult for a user to grasp relation between a
display range of an image that is currently displayed on a
screen and information indicating a list of viewpoints on
the image.

[Citation List] [Patent Literature]

[0004]

[PTL 1] Patent document 1: Japanese Patent Application
Laid-open No. 2010-148028
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DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0005] The present invention is achieved in view of the
above problem, and an object of the present invention is to
provide a display control apparatus and a computer-readable
recording medium containing a program that are capable of
clarifying the relation between a display range of an image
displayed on a screen and information indicating a list of
viewpoints on the image.

MEANS FOR SOLVING PROBLEM

[0006] To achieve the object, a non-transitory computer-
readable recording medium according to the present
invention contains a computer program that causes a
computer to function as: a creating unit that creates, from
an image, a partial image that is an image of a region of a
part of the image, and that includes in a center thereof an
arbitrary viewpoint on the image; a display control unit
that displays, on a display device, a display image that
includes the image and a viewpoint listing image that is a
list of thumbnails of a plurality of the partial images;
and an accepting unit that accepts input indicating a
change of the image in the display image, according to
operation made toward any one of the image and the
viewpoint listing image, wherein the display control unit
changes the image in the display image according to the
input indicating a change of the image, and changes a
sequential order of the thumbnails in the viewpoint listing
image such that a thumbnail of the partial image
corresponding to a region of the image to be newly
displayed according to the input indicating a change of the
image 1s displayed at a predetermined position in the
viewpoint listing image.

[0007] Also, to achieve the object, a non-transitory
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computer-readable recording medium according to the present

invention contains a computer program that causes a
computer to function as: a creating unit that creates, from
an image, a partial image that is an image of a region of a
part of the image, and that includes in a center thereof an
arbitrary viewpoint on the image; a display control unit
that displays, on a display device, a display image that
includes the image, and a viewpoint listing image that is a

list of. thumbnails of a plurality of the partial images;

and an accepting unit that accepts input indicating a

change of the image in the display image, according to
operation made toward any one of the image and the
viewpoint listing image, wherein the display control unit
changes the image in the display image according to the
input indicating a change of the image, and changes a size
of a thumbnail of the partial image corresponding to a
region of the image to be newly displayed according to the
input indicating a change of the image:

[0008] Also, to achieve the object, a display control
apparatus according to the present invention comprises: a
creating unit that creates, from an image, a partial image
that is an image of a region of a part of the image, and
that includes in .a center thereof an arbitrary viewpoint on
the image; a display control unit that displays, on a
display device, a display image that includes the image and
a viewpoint listing image that is a list of thumbnails of a
plurality of the partial images; and an accepting unit that
accepts input indicating a change of the image in the
display image, according to operation made toward any one
of the image and the viewpoint listing image, wherein the
display control unit changes the image in the display image
according to the input indicating a change of the image,

and changes a sequential order of the thumbnails in the
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viewpoint listing image such that a thumbnail of the

partial image corresponding to a region of the image to be
newly displayed according to the input indicating a change
of the image is displayed at a predetermined position in
the viewpoint listing image.

EFFECT OF THE INVENTION

[0009] According to the present invention, such an
effect is produced that relation between display range of
an image displayed on a screen and information indicating a
list of viewpoints on the image can be made clear.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

[FIG. 1] FIG. 1 is a block diagram illustrating an example
of a configuration of a display control apparatus of a
first embodiment according to the present invention.

[FIG. 2] FIG. 2 is a diagram illustrating an example of an

" omnidirectional image of the first embodiment.

[FIG. 3] FIG. 3 is a diagram illustrating an example of a
display image that is displayed on a display device of the
first embodiment.

[FIG. 4] FIG. 4 is a diagram illustrating an example of
changing a display image that is displayed on the display
device of the first embodiment.

[FIG. 5] FIG. 5 is a diagram for explaining positions of
viewpoints on the omnidirectional image of the first
embodiment.

[FIG. 6] FIG. 6 is a diagram for explaining relation among
an angle of view, a camera angle, and a camera position.
[FIG. 7] FIG. 7 is a diagram for explaining relation among
an angle of view, a camera angle, and a camera position.
[FIG. 8] FIG. 8 is a table indicating an example of
viewpoint listing information of the display control

apparatus of the first embodiment.
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[FIG. 9] FIG. 9 is a flowchart indicating an example of a

display control method.of the first embodiment.

[FIG. 10] FIG. 10 is a diagram illustrating an example of
changing a display image that is displayed on the display
device of the first embodiment. '

[FIG. 11] FIG. 11 is a diagram illustrating an example of a

‘display image that is displayed on a display device of a

second embodiment according to the present invention.
[FIG. 12] FIG. 12 is a diagram illustrating an example of
changing a display image that is displayed on the display
device of the second embodiment.
[FIG. 13] FIG. 13 is a table indicating an example of
viewpoint listing information of a display control
apparatus of a third embodiment according to the present
invention.
[FIG. 14] FIG. 14 is a diagram illustrating an example of a
display image that is displayed on a display device of the
third embodiment.
[FIG. 15] FIG. 15 is a block diagram illustrating an
example of a hardware configuration of an essential part of
the display control apparatus of the first to the third
embodiments.
BEST MODES FOR CARRYING OUT THE INVENTION
[0011] Embodiments of a displaf control apparatus and a
computer-readable recording medium containing a computer
program are explained in detail below with reference to the
accompanying drawings.
[0012] First Embodiment

FIG. 1 is a block diagram illustrating an example of a
configuration of a display control apparatus 10 of a first
embodiment of the present invention. The display control
apparatus 10 of the present embodiment includes an

acquiring unit 11, a storage unit 12, a creating unit 13, a
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display control unit 14, and the accepting unit 15. The

display control apparatus 10 is connected to a display
device 20. The display control apparatus 10 controls
images (hereinafter, "display image") displayed on the
display device 20.

[0013] The acquiring unit 11 acquires an omnidirectional
image that is an image of all directions at an imaging spot
from an external device such as an imaging device that can
create the omnidirectional image. Equipment of, for
example, an imaging unit that images all directions at an
imaging spot using two pieces of fish-eye lenses facing
opposite directions from each other and a creating unit
that combines two pieces of images that are imaged by the
two pieces of fish-eye lenses to make one piece of an image
enables the imaging device to create an omnidirectional
image. Note that by including the function of the imaging
device described above in the acquiring unit 11, it is not
necessary to acquire an omnidirectional image from an
external device. Moreover, although in the present
embodiment, an omnidirectional image is used as an example,
it is not limited to an omnidirectional image, and may be
an ordinary image, a panoramic image extending horizontally
or vertically, and the like. Therefore, in the following
embodiment, it is needless to say that an omnidirectional
image can be referred simply to as an image, and a partial
omnidirectional image described later can be referred
simply to as a partial image.

[0014] The storage unit 12 stores therein the
omnidirectional image. FIG. 2 is a diagram illustrating an
example 6f an omnidirectional image of the first embodiment.
As illustrated in FIG. 2, because the omnidirectional image
is an image that is obtained by imaging all directions at

an imaging spot, it is an image like a panoramic image. In
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FIG. 2, while a horizontal part is illustrated among all

directions, an upper part and a ldwer part are not
displayed. When the upper part and the lower part are
wished to be displayed, the parts can be displayed by
making a user virtually move in the image. Multiple
viewpoints (A to G) are present on the omnidirectional
image. The viewpoint is information that indicates a
region that a user, such as a person who created the
omnidirectional image and a person who uses the
omnidirectional image, wishes it to be focused. An image
in which a region including this viewpoint is cut out
(corresponding to a partial omnidirectional image described
later) is to be the image indicated in viewpoint listing
information which is described later. Therefore, this
image indicated in the viewpoint listing information and a
position on an omnidirectional image including this image
are associated. FIG. 2 illustrates an example of a case in
which viewpoints A to G are present on an omnidirectional
image. The storage unit 12 stores information (hereinafter,
"viewpoint listing information") indicating a position of a
viewpoint on an omnidirectional image. Details of the
omnidirectional image and the viewpoint listing information
are described later.

[0015] The creating unit 13 creates, from an
omnidirectional image, a partial omnidirectional image that
is an image of a region of a part of the omnidirectional
image. The partial omnidirectional image includes, in a
center thereof, an image of an arbitrary viewpoint on an
omnidirectional image. The omnidirectional image is an
image that includes all directions at an imaging spot, and
enables a user to view an arbitrary direétion of the
omnidirectional image. When wishing to confirm an image

that a user wishes to view later or wishing to show the
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image to another user, it is displayed as a partial
omnidirectional image that includes a predetermined
viewpoint in a center théreof. . The creating unit 13 may
create the partial omnidirectional image corresponding to
the predetermined viewpoint in advance. Specifically, the
display control apparatus 10 may be configured to store, in
the storage unit 12, a partial omnidirectional image that
is frequently used, partial omnidirectional images that
correspond to viewpoints that are registered in the
viewpoint listing information descfibed later, or the like.
f0016] The display control unit 14 displays, on the
display device 20; a display image that is an image
including an omnidirectional image and a viewpoint listing
image that is a list of thumbnails of multiple partial
omnidirectional images. In the display control apparatus
10, by displaying the viewpoint listing image together with
an omnidirectional image on the display device 20, '
operability and convenience when a user chooses a viewpoint
are improved. As for the omnidirectional image displayed
on the display device 20, only a part of regions of the
omnidirectional image is displayed in an enlarged manner or
the like in some cases. In the following, when described
as an omnidirectional image, it may indicate showing the
entire image, or may indicate an image in which only a part
of regions of the entire the image is shown. Note that
even if only a part of regions of the entire image is
displayed as described, an image outside the displayed
region can be moved into a display region by scrolling or
operating a touch panel.
[0017] FIG. 3 is a diagram illustrating an example of a
display image that is displayed on the display device 20 of
the first embodiment. The display image includes an

omnidirectional image 30 showing a part of an
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omnidirectional image and a viewpoint listing image 40.

The omnidirectional image 30 illustrated in FIG. 3 is an
example of a case in which a viewpoint D on the
omnidirectional image shown in FIG. 2 is included in a
center thereof. 1In other words, it is an example of a case
in which the display device 20 displays the omnidirectional
image 30 corresponding to the viewpoint D. The
omnidirectional image can include more than one viewpoint
on the omnidirectional image. For example, the
omnidirectional image 30 includes, besides the viewpoint D,
a viewpoint C on a left side of the image and a viewpoint E
on a right side of the image.

[0018] A region of the viewpoint listing image 40
indicates an example when displayed at a lower part of a
screen of the display device 20. 1In the region of the
viewpoint listing image 40, thumbnails of the partial
omnidirectional images corresponding to the viewpoints B to
F are displayed. That is, five pieces of thumbnails are
displayed, and display of other thumbnails are omitted as
"...." However, the display control unit 14 may display
thumbnails of the partial omnidirectional images of all of
the designated viewpoints by reducing the size of the
thumbnails according to the size of the region of the
viewpoint listing image 40 without omitting display of the
other thumbnails.

[0019] The display control unit 14 controls such that a
thumbnail of a viewpoint included in the partial
omnidirectional image in the center thereof is displayed at
a predetermined position in the viewpoint listing image.

In the example shown in FIG. 3, a region of a partial
omnidirectional image corresponding to the viewpoint D is
displayed in the center; and the display control unit 14
controls such that the thumbnail of this partial
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omnidirectional image is displayed at a predetermined

position in the viewpoint listing image 40. 1In the display
control.apparatus 10 according to the present embodiment,
the predetermined position is a position at the center of
the viewpoint listing image, and thereby enabling‘to
clarify the relation between the omnidirectional image
displayed on the display device 20 and thumbnails of the
viewpoint listing image.

[0020] Furthermore, the display control unit 14 makes
the size of thumbnails of partial omnidirectional images
including viewpoints that are shown in the omnidirectional
image 30 of the display image larger than the size of
thumbnails of partial omnidirectional images including
viewpoints that are not shown in the omnidirectional image
of the display image. In the example shown in FIG. 3/
because viewpecints C to E are included in the
omnidirectional image 30 included in the display image, the
size of thumbnails of partial omnidirectional images
corresponding to viewpoints C to E is enlarged. Thus, the
display control apparatus 10 according to the present
embodiment can clarify the relation between an
omnidirectional image that is displayed on the display
device 20 and the thumbnails of the partial omnidirectional
images that are shown in the viewpoint listing image.

[0021] Referring back to FIG. 1, the accepting unit 15
accepts input indicating a change of the omnidirectional
image of the display image, according to operation made to
the omnidirectional image or the viewpoint listing image.
Operation made to the omnidirectional image is, for example,
operation to designate (choose) a viewpoint that is
displayed on the omnidirectional image. 1In response to
this operation, for example, the omnidirectional image 30

in FIG. 3 moves. For example, if a user designates the
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viewpoint C on the omnidirectional image, the

cmnidirectional image 30 is changed to the omnidirectional
image 30 having the viewpoint C in the center. According
to that, the viewpoint listing image is also changed to be
aligned such that a thumbnail ¢f a partial omnidirectional
image of the viewpoint C comes in the center.

[{0022] Moreover, operation made to the viewpoint listing
image is operation to choose a thumbnail of a partial
omnidirectional image on the viewpoint listing image,
cperation to change.a thumbnail of a partial
omnidirectional image to be displayed at the predetermined
position in the viewpoint listing image by scrolling the
viewpoint listing image, and the like. 1In response to this
operation, for example, the omnidirectional image 30 in FIG.
3 is shifted. PFor example, if a user chooses a thumbnail
of a partial omnidirectional image of the viewpoint F on
the viewpoint listing image, the omnidirectional image 30
is changed to the omnidirectional image 30 having the
viewpoint F in the center. Moreover, according to that,
the viewpoint listing image is also changed to be aligned
such that a thumbnail of a partial omnidirectional image of
the viewpoint F comes in the center. 1In the display
control apparatus 10 according to the present embodiment,
the predéetermined position is a position at the center of
the viewpoint listing image.

[0023] Note that an input device that is used by a user
for operation may be arbitrary. For example, it may be a
mouse or a keyboard, or the display device 20 implemented
by a touch panel that includes a display unit and an input
unit, or the 1like.

[0024] In response to input indicating a change of the
omnidirectional image, the display control unit 14 changes

the omnidirectional image of the display image, and changes
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a sequential order of thumbnails of the viewpoint listing

image such that a thumbnail of a partial omnidirectional
image corresponding to a region of the omnidirectional
image that is to be newly displayed accordiﬁg to input
indicating a change of the omnidirectional image is
displayed in the center of the viewpoint listing image.
Note that the omnidirectional image before the change.and
the omnidirectional image after the change do not differ as
an image, and the omnidirectional image of the display
image is changed by the display control unit 14 changing a
region of the omnidirectional image to be displayed. An
example of a change of the display image is explained
specifically with reference to FIG. 4 (a) to (c).

[0025] FIG. 4 (a) to (c) are diagrams illustrating an
example of changing the display image that is displayed on
the display device 20 of the first embodiment. The
omnidirectional image 30 in FIG. 4 (b) is a case in which
the partial omnidirectional image that is an image of the
region including the viewpoint D is included in the center,
and indicates the display image before the change.

[0026] FIG. 4 (c) indicates a case in which the
accepting unit 15 has accepted an instruction to change to
the viewpoint E from a user. Specifically, the accepting
unit 15 accepts input indicating the instruction to change
the display of the omnidirectional image included in the
display image to the viewpoint E in response to operation
by a user. The operation by the user includes operation of
designating the viewpoint E on the omnidirectional image 30,
operation of choosing a thumbnail 401 (thumbnail of a
partial omnidirectional image that is an image of a region
including the viewpoint E) of the partial omnidirectional
image on the viewpoint listing image 40, operation of

bringing the thumbnail 41 of the partial omnidirectional
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image to the center of the viewpoint listing image

(operation of shifting from a state of the viewpoint
listing image 40 to a state of a viewpoint listing image
41) by scrolling on the viewpoint listing image 40, or the
like.

[0027] When the accepting unit 15 accepts input to
change to viewpoint E from a user, the display control unit
14 displays the display image including an omnidirectional
image 31 and the viewpoint listing image 41. That is, the
display control unit 14 changes display of the
omnidirectional image included in the display image, from
the omnidirectional image 30 having the viewpoint D in the

center to the omnidirectional image 31 having the viewpoint

.E in the center. Moreover, at the same time, the display

control unit 14 changes the viewpoint listing image
included in the display image from the viewpoint listing
image 40 to the viewpoint listing image 41. As described,
the omnidirectional image 31 is to be the omnidirectional
image that includes the partial omnidirectional image of
the region including the viewpoint E in the center.
Furthermore, the viewpoint listing image 41 displays the
thumbnails corresponding to the viewpoints included in the
omnidirectional image 31 in the center of the viewpoint
listing image 41, and is to be the viewpoint listing image
in which the size of the thumbnails of the partial
omnidirectional images corresponding to the viewpoints D, E,
and F i1s enlarged.

[0028] Moreover, FIG. 4 (a) indicates a case in which
the accepting unit 15 has accepted an instruction to change
to the viewpoint C from a user. Specifically, operation of
the display control unit 14 when the accepting unit 15
accepts operation indicating the instruction to chHange to

the viewpoint C from a user is the same as the case of

~
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acceptihg the operation indicating the instruction to

change to the viewpoint E from a user, and therefore,
explanation thereof is omitted.

[0029] The display image in FIG. 4 (a) includes an
omnidirectional image 32 and a viewpoint listing image 42.
The omnidirectional image 32 is an omnidirectional image
including a partial omnidirectional image of a region
including the viewpoint C in the center. The viewpoint
listing image 42 displays thumbnails of the partial
omnidirectional images corresponding to the viewpoints
included in the omnidirectional image 32 in the center of
the viewpoint listing image 42, and is to be the viewpoint
listing image in which the size of the thumbnails of the
partial omnidirectional images corresponding to the
viewpoints B to D is enlarged.

[0030] Next, before explaining a display control method
of the display control apparatus 10 referring to a
flowchart, coordinates that indicate a position of an
omnidirectional image, and the viewpoint listing
information are explained in detail. FIG. 5 is a diagram
for explaining positions of viewpoints on the
omnidirectional image of the first embodiment. The display
control apparatus 10 according to the present embodiment
displays on the display device 20 in such a form as if a
user that is viewing the display device 20 is actually
viewing a predetermined direction from the imaging spot.
Therefore, the display control apparatus 10 according to’
the present embodiment associates a point on the
omnidirectional image with a point on a sphere, and thereby
uses the omnidirectional image as an image on a sphere.
Because the omnidirectional image is a planar image as
shown in FIG. 2, the curvature thereof differs from that of

a sphere. However, by making the omnidirectional image
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based on Mercator projection, the display control apparatus

10 can arrange points on thHe omnidirectional image so as to
correspond to points on a sphere.

[0031] The coordinates on the omnidirectional image can
be expressed by an azimuth (coordinate in a horizontal
direction) from the center of a sphere and an angle of
elevation (coordinate in a vertical direction) from the

center of the sphere. The azimuth takes a value in a range
of 0° to 360° in a clockwise direction. The angle of

elevation takes a value in a range of -%0° to 90°.
Accordingly, a positién of a viewpoint on the
omnidirectional image can be expressed by the azimuth and
the angle of elevation. Moreover, the partial
omnidirectional image is an image that includes an
arbitrary viewpoint on the omnidirectional image in the
center. Therefore, the partial omnidirectional image can
be expressed by coordinates (the azimuth and the angle of
elevation) of a viewpoint in the center of the image, and
an angle of view (a zoom value of a camera).

[0032] A method of adjusting the angle of view of an
omnidirectional image that is displayed on the display
device 20 by adjusting a camera angle and a camera position
is explained. FIG. 6 and FIG. 7 are diagrams for
explaining relation among an angle of view, a camera angle,
and a camera position. FIG. 6 exemplifies a range (a to d)
and a specific value (A to D) for the relation amoné an
angle of view, a camera angle, and a camera position. FIG.
7 indicates geometrical positional relation between the
range (a to d) and the specific value (A to D). A
circumference of FIG. 7 indicates an omnidirectional image.
The angle of view indicates a range (size of an image) of a
sight when a viewpoint included in the omnidirectional

image in the center is viewed from the center of the sphere,
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by an angle from the center. The omnidirectional image

that is indicated by this range of sight corresponds to the
omnidirectional image 30, 31, or 32 shown in FIG. 4.

[0033] A specific example of adjusting an angle of view
with a camera angle and a camera position is explained. An
example of A (60° ofvangle of view) is attainable by
setting a camera position to the ceriter (0.0) of a sphere,
and setting the camera angle to 60°. An example of B (120°
of angle of view) is attainable by setting the camera
position to -1.0 shifting the position of the camera
backward from the center of the sphere by 1.0, and by
setting the camera angle to 60°. An example of C (240° of
angle of view) is attainable by setting the camera position
to -1.0 shifting the position of the camera backward from

the center of the sphere by 1.0, and by setting the camera

angle to 120°. An example of D (286° of angle of view) is
attainable by setting the camera position to -1.38 shifting

the position of the camera backward from the center of the

sphere by 1.38,  and by setting the camera angle to 120°.
[0034] The display control unit 14 can adjust the angle
of view of the omnidirectional image displayed on the
display device 20 by thus adjusting the camera angle and
the camera position. In explanation of the present
embodiment, the angle of view of the omnidirectional image

is fixed to 120° (example of B). Note that the angle of

view of the omnidirectional image is not limited to 120°,
and may be arbitrary.

[0035] IG. 8 is a table indicating an éxample of the
viewpoint listing information of the display control
apparatus 10 of the first embodiment. The viewpoint
listing information includes a viewpoint, an azimuth, an

angle of elevation, an angle of view, and a thumbnail. The




10

15

20

25

30

WO 2015/005184 PCT/JP2014/067598

17
viewpoint is information for identifying a viewpoint. The

azimuth indicates the position of a viewpoint on the
omnidirectional image in the horizontal direction. The
angle of elevation indicates the position of a viewpoint on
the omnidirectional image in the vertical direction. An
angle of view indicates a range of the partial
omnidirectional image that includes the viewpoint in the
center of an image. A thumbnail is a reauced image of the
partial omnidirectional image of a viewpoint displayed in
the viewpoint listing image. In explanation of the present
embodiment, to give easily comprehensible explanation about
operation of the processing of changing display of the
omnidirectional image and the processing of changing
display of the viewpoint listing image in conjunction with
each other, in an example shown in FIG. 8, the difference
in position among viewpoints A to G occurs only in the
azimuth. Therefore, in the explanation of the present
embodiment, the angle of view is explained as an angle of
view in the horizontal direction (horizontal angle of view).
[0036] In addition, the value of the azimuth of the
viewpoint listing information, the angle of elevation, and
the angle of view may be set arbitrarily. An example in
which a difference in the position of a viewpoint occurs
not only in the azimuth (coordinate in the horizontal
direction) but alsoc in the angle of elevation (coordinate
in the wvertical direction) is explained in the third
embodiment.

[0037] Next, a display control method of the display
control apparatus 10 of the first embodiment is explained.
FIG. 9 is a flowchart indicating an example of a display
control method of the first embodiment. FIG. 10 is a
diagram illustrating an example of changing a display image

that is displayed on the display device 20 of the first
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embodiment. With reference to FIG. 8 to FIG. 10,

processing performed when the omnidirectional image of the
display image is changed from the omnidirectional image 30
having the viewpoint D in the center to the omnidirecticnal
image 31 having the viewpoint E in the center is explained.
[0038] The display control unit 14 determines a region
of the omnidirectional image to be displayed on the display
device 20, that is, a displayed omnidirectional image (step
S1). When displaying an omnidirectional image for the
first time, the display control unit 14 determines the
omnidirectional image to be displayed on the display device
20 to the omnidirectional image 30 including the viewpoint

D. This is because the viewpolnt D is set to a reference

(0°) of the azimuth and an angle of elevation in the
omnidirectional image in the viewpoint listing information
shown in FIG. 8. Moreover, when the accepting unit 15
accepts the input indicating a change of the viewpoint from
a user (step S6 described later: YES), the display control
unit 14 determines the omnidirectional image displayed on
the display device 20 according to the input indicating a
change of the viewpocint. Subsequently, a flow by which the
display shown in FIG. 10 (a) is made is explained.

[0039] Next, the display control unit 14 determines the
sequential order of thumbnails of partial omnidirectional
images displayed in the viewpoint listing image (step S2).
Hereinafter, a specific explanation is given using the case
in which the omnidirectional image displayed on the display
device 20 is determined to the omnidirectional image 30
including the viewpoint D at step S1 as an example. First,
the display control unit 14 determines the sequential order
of thumbnails according to the azimuth (coordinate in the
horizontal direction) of the omnidirectional image 30

currently displayed. 1In the example of the viewpoint
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listing information shown in FIG. 8, the sequential order

of thumbnails is ascending order in the azimuth of

viewpoints corresponding to the thumbnails as the viewpoint

D (0°, the viewpoint E (50°), the viewpoint F (100°), the

viewpoint G (150°), the viewpoint A (200° degrees), the
viewpoint B (250°), and the viewpoint C (300°). Note that
the azimuth is indicated in the clockwise direction. Next,
the display control unit 14 rearranges the sequential order
of the thumbnails such that the thumbnail of the partial
omnidirectional image corresponding to the viewpoint D
comes in the center in the viewpoint listing image. That
is, arranging the thumbnail of the partial omnidirectional
image corresponding to the viewpoint D in the center, the
display control unit 14 distributes the thumbnails to the
right and left in a range of 180° from the center. Because
the azimuth of the viewpoint D is 0°, the left side thereof
is 0° to -180° (180° to 360°), and the right side therecf is
0° to +180°. Therefore, the sequential order cf the
thumbnails is as the viewpoint A (200° (-160°)), the
viewpoint B (250° (-~110°)), the viewpoint C (300° (-60°)),
the viewpoint D (0°), the viewpoint E (50°), the viewpoint
F (100°), and the viewpoint G (150°).

[0040] Next, the display control unit 14 determines the
size of the thumbnails of the partial omnidirectional image
to be displayed in the viewpoint listing image (step S3).
Herein, a specific explanation is given using the case in
which the omnidirectional image displayed on the display
device 20 is determined to the omnidirectional image 30
including the viewpoint D in the center at step S1 as an
example. The display contrcl unit 14 enlarges the size of

the thumbnails of the partial omnidirectional image
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corresponding to the viewpoints included in the

omnidirectional image 30. Referring to viewpoint listing
information in FIG. 8, the azimuth of the viewpoint D is 0°
and the angle of view is 120°. Moreover, because the angle

of elevation of all the viewpoints A to G is 0°, a
viewpoint never falls outside the range because of the
difference in the angle of elevation. Therefore, the
display control unit 14 enlarges the thumbnails of the
partial omnidirectional image corresponding to the
viewpoints the azimuth of which is included in the range of
the angle of view of the omnidirectional image 30. Because
the azimuth of the viewpoint D is 0° and thé angle of view
of the omnidirectional image 30 including the viewpoint D
in the center is 120° the display control unit 14

determines that a viewpoint having the azimuth of +60° to

—60 (300°) is included in the omnidirectional image 30.
Subsequently, the display control unit 14 identifies the
viewpoint C {azimuth 300°), the viewpoint D (azimuth 0°),
and the viewpoint E (azimuth 50°) as a viewpoint having the
azimuth of +60° to —-60° (300°) from the viewpoint listing
information. By the procedure described above, the display
control unit 14 determines the thumbnails of the partial
cmnidirectional image corresponding to the viewpoint C
(azimuth 300°), the viewpoint D (azimuth 0°), and the
viewpoint E (azimuth 50°) as the thumbnails of which the
size is enlarged.

[0041] Next, the display control unit 14 determines
thumbnails to be displayed in the viewpoint listing image
that is displayed on the display device 20 (step S4).
Specifically, according to the omnidirectional image

determined at step S1 and the size of the viewpoint listing
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image, the thumbnails of the partial omnidirectional image

to be displayed in the viewpoint 1listing image are
detérmined. That is, a predetermined number of thumbnails
of the partial omnidirectional images of Qiewpoints close
in distance to the viewpoints that are included in the
omnidirectional image determined at step S1 are selected in
ascending order in distance. 1In this example, the
predetermined number is 4.

[0042] For the thumbnails of the partial omnidirectional
image displayed in the viewpoint listing image, a case in
which the sequential order of the thumbnails determined at
step S3 is as the viewpoint A (200° (-180°)), the viewpoint
B (250° (-110°)), the viewpoint C (300° (-60°)), the
viewpoint D (0°), the viewpoint E (50°), the viewpoint F
(100°), and the viewpoint G (150°) is explained. 1In this

case, because the viewpoint D (0°) is in the center of the
viewpoint listing image, thumbnails corresponding to the
viewpoint B (250° (-110°)), the viewpoint C (300° (-60°)),
the viewpoint D (0°), the viewpoint E (50°), the viewpoint
F (100°) are displayed. That is, display of thumbnails of
the partial omnidirectional images corresponding to the

viewpoint A (200° (~180°)) and the viewpoint G (150°) is
omitted displaying as "...." '

[0043] The display control unit 14 displays, on the
display device 20, a display image that includes the
omnidirectional image determined at step S1 and the
viewpoint listing image generated at step S2 to step S4
(step S5). By control in such a flow, the display shown in
FIG. 10 (a) is made.

[0044] Next, a flow of changing from the display shown
in FIG. 10(a) to a display shown in FIG. 10 (b) is

explained. First, the accepting unit 15 determines whether
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or not input indicating a change of the omnidirectional

image (change of viewpoint) from a user is accepted (step
S6), when the input indicating a change of viewpoint has
not been accepted (step S6: NO), processing to detect input
indicating a change of omnidirectional image according to
operation by a user is continued.

[0045] When input indicating a change of viewpoint is
accepted (step S6: YES), processing returns to step Sl.
Herein, a case in which the accepting unit 15 has accepted
input indicating that a display -of the omnidirectional
image is changed to the omnidirectional image including the
viewpoint E in the center is specifically explained as an
example. The display control unit 14 determines the
omnidirectional image to be displayed on the display device
20 to the omnidirectional image 31 including the viewpoint
E in the center (step S1).

[0046] Subsequently, the display control unit 14
determines the sequential order of thumbnails of the
partial omnidirectional images to be displayed in the
viewpoint listing image (step S2). First, the display
control unit 14 determines the sequential order of
thumbnails according to the azimuth (coordinate in the
horizontal direction). In the example of the viewpoint
listing information shown in FIG. 8, the sequential order
of thumbnails is ascending order in the azimuth of
viewpoints correspbnding to respective thumbnails as the
viewpoint D (0°), the viewpoint E (50°), the viewpoint F
(100°), the viewpoint G (150°), the viewpoint A (200°), the
viewpoint B (250°), and the viewpoint C (300°). Note that
the azimuth is indicated in the clockwise direction. Next,
the display control unit 14 rearranges the sequential order

of the thumbnails such that the thumbnail of the partial
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omnidirectional image 31 corresponding to the viewpoint E

comes in the center in the viewpoint listing image. That
is, arranging the thumbnail of the partial omnidirectional
image 31 corresponding to the viewpoint E in the center,
the display control unit 14 distributes the thumbnails to
the right and left in a range of 180° from the center.
Because the azimuth of the viewpoint E is 50°, the left
side thereof is 50° to =-130° (230° to 360° and 0° to 50°),
and the right side thereof is 50° to +230°, Therefore, the
sequential order of the thumbnails is as the viewpoint B
(250° (-110°)), the viewpoint C (300° (-60°)), the viewpoint
D (0°), the viewpoint E (50°), the viewpoint F (100°), the
viewpoint G (150°), and the viewpoint A (200° (-160°)).
[0047] Next, the display control unit 14 determines the
size of the thumbnails of the partial omnidirectional image

to be displayed in the viewpoint listing image (step S3).

As shown in FIG. 10 (b), the display control unit 14

enlarges the size of the thumbnails of the partial
omnidirectional images corresponding to the viewpoints
included in the omnidirectional image 31. Referring to the
viewpoint listing information in FIG. 8, the azimuth of the
viewpoint E is 50° and the angle of view is 120°. Moreover,
because the angle of elevation of all the viewpoints A to G
is 0°, a Viewpoint never falls outside the range because of
the difference in the angle of elevation. Therefore, the
display control unit 14 enlarges the thumbnails of the
partial omnidirectional images corresponding to the
viewpoints of which the azimuth is included in the range of
the angle of view of the omnidirectional image. 31. Because
the azimuth of the viewpoint E is 50° and the angle of view

of the omnidirectional image 31 including the viewpoint E
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in the center is 120°, the display control unit 14
determines that a viewpoint having the azimuth of -10

(350°) to +110° is included in the omnidirectional image 31.
Subseguently, the display control unit 14 identifies the
viewpoint D (azimuth 0°), the viewpoint E (azimuth 50°),

and the viewpoint F (100°) as a viewpoint having the

azimuth of =10 (350°) to +110° from the viewpoint listing
information. By the procedure described above, the display
control unit 14 determines to enlarge the size of the
thumbnails of the partial omnidirectional image

corresponding to the viewpoint D (azimuth 0°), the
viewpoint E (azimuth 50°), and the viewpoint F (100°).
[0048] Next, the display control unit 14 determines
thumbnails to be displayed in the viewpoint listing image
that is displayed on the display device 20 (step S4).
Because the viewpoint E (50°) is in the center of the
viewpoint listing image, thumbnails of the partial
omnidirectional images corresponding to the viewpoint C
(300° (-60°)), the viewpoint D (0°), the viewpoint E (50°),
the viewpoint F (100°), and the viewpoint G (150°) are
displayed. That is, display of thumbnails of the partial
omnidirectional image corresponding to the viewpoint B

(250° (—-110°)) and the viewpoint A (200° (-180°)) is omitted
displaying as "...."

[0049] Summarizing the processing in the flowchart
described above, the display image displayed on the display
device 20 is changed as indicated in FIG. 10 (b) from one

in FIG. 10 (a). Although a case in which the angle of
elevation is identical is indicated in the first embodiment,
referring to FIG. 14 indicated in a modification described

later, thumbnails of viewpoints b, d, e, f, and h that are
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the viewpoints within the range in which the

omnidirectional image 60 is displayed may be displayed in
an enlarged manner even if a viewpoint having a different
angle of elevation is included.
[0050] The display control unit 14 in the display
control dpparatus 10 of the present embodiment displays,
according to the input indicating a change of an
omnidirectional image (may also be regarded as a change of
a region of the omnidirectional image to be displayed),
thumbnails of a partial omnidirectional imagé corresponding
to a region of the omnidirectional image to be newly
displayed in the center of the viewpoint listing image, and
enlarges the size of the thumbnails of the partial
omnidirectional images that includes the viewpoints
included in the omnidirectional image of the display image
in the center. Therefore, the relation between the display
range of the image currently displayed on a screen and the
information indicating a list of viewpoints on the image
can be clarified.
[0051}] Second Embodiment

Next, the display control apparatus 10 of a second
embodiment is explained. The display control unit 14 in
the display control apparatus 10 of the present eémbodiment
makes the size of thumbnails of partial omnidirectional
images including, in the center, viewpoints that are
included in an omnidirectional image of the display image
smaller than thumbnails of partial omnidirectional images
including viewpoints that are not include in the
omnidirectional image of the display image in the center.
That is, while the display control apparatus 10 of the
first embodiment emphasizes, in the viewpoint listing image,
thumbnails of viewpoints that are displayed on the display
device 20, the display control apparatus 10 of the second
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embodiment emphasizes, in the viewpoint listing image,

thumbnails of viewpoints that are not displayed on the
display device 20.

[0052] Because the configuration of the display control
apparatus 10 of the present embodiment is the same as that

of the display control apparatus 10 of the first embodiment,

" explanation thereof is omitted. Moreover, because

explanation of the present embodiment is similar to the
explanation of the first embodiment; differences from the
first embodiment are specifically explained based on a
specific example.

[0053] FIG. 11 is a diagram illustrating an example of
the display image that is displayed on the display device
20 of the second embodiment. FIG. 11 is a corresponding
diagram to FIG. 3 that is referred to in the explanation of
the first embodiment. However, a viewpoint listing image
50 is different from the viewpoint listing imdge 40 of the
first embodiment. That i1s, the display control unit 14
enlarges thumbnails of the partial omnidirectional images
corresponding to the viewpoints A, B, F, and G that are not
included in the omnidirectional image 30. Furthermore, the
display control unit 14 does not enlarge thumbnails of the
partial omnidirectional images corresponding to the
viewpoints C, D, and E included in the omnidirectional
image 30. Although the thumbnail of the partial
omnidirectional image of the viewpoint D is omitted, the
thumbnail of the partial omnidirectional image of the
viewpoint D may be displayed not omitting.

[0054)] FIG. 12 (a) to (c) are diagrams illustrating an
example of changing the display image that is displayed on
the display device 20 of the second embodiment. FIG. 12 is
a corresponding diagram to FIG. 4 that is referred to in

the explanation of the first embodiment. An image
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indicated in FIG. 12 (b) is a case in which the viewpoint D

is included in the omnidirectional image in the center, and
indicates the display image before the change. When the
accepting unit 15 accepts input to change to the viewpoint
E from a user, the display control unit 14 displays the
display image including the omnidirectional image 31 and
the viewpoint listing image 51 shown in FIG. 12 (c). First,
the omnidirectional image 31 and the viewpoint listing
image 51 are explained. The omnidirectional image 31 is an
omnidirectional image for which the region is set such that
a display including the viewpoint E is obtained. The
viewpoint listing image 51 is a viewpoint listing image in
which "..." is displayed in the center of the viewpoint
listing image 51 omitting the thumbnails of the partial
omnidirectional images corresponding to the viewpoints
included in the omnidirectional image 31, such as the
viewpoint E, and in which the size of the thumbnails of the
partial omnidirectiocnal images corresponding to the
viewpoints B, C, G, and A that are not included in the
omnidirectional image 31 is enlarged.

[0055] Moreover, when the accepting unit 15 accepts
input to change to the viewpoint C from a user, that is,
when a screen indicated in FIG. 12 (a) is displayed, the
display control unit 14 displays the display image
including an omnidirectional image 32 and a viewpoint
listing image 52. The omnidirectional image 32 is an
omnidirectional image for which the region is set such that
a display including the viewpoint C is obtained. The
viewpoint listing image 52 is a viewpoint listing image in
which "..." is displayed in the center of the viewpoint
listing image 52 omitting the thumbnails of the partial
omnidirectional images corresponding to the viewpoints

included in the omnidirectional image 32, such as the
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viewpoint C, and in which the size of the thumbnails of the

partial omnidirectional images corresponding to the
viewpoints G, A, E, and F that are not included in the
omnidirectional image 32 is enlarged. Although a case in
which the angle of elevation is identical as described is
indicated in the second embodiment, referring to FIG. 14
indicated in the modification described later, thumbnails
of the viewpoints a, ¢, g, and i that are viewpoints
outside the range in which the omnidirectional image 60 is
displayed may be displayed in an enlarged manner even if a
viewpoint having a different angle of elevation is included.
[{0056] The display control unit 14 in the display
control apparatus 10 of the present embodiment enlarges the
size of thumbnails of partial omnidirectional images
including a viewpoint that is not included in the
cmnidirectional image of the display image in the center,
thereby differentiating the sizes of the thumbnails in the
viewpoint listing image. Thus, relation between a display
range that is displayed on a screen and information
indicating a list of viewpoints on the image can by
clarified. Moreover, by displaying thumbnails of
viewpoints that are not displayed instead of viewpoints
that are already displayed in the omnidirectional image, it
is possible to emphasize the presence of other viewpoints.
{0057] Third Embodiment

Next, the display control apparatus 10 of a third
embodiment is explained. The display control unit 14 in
the display control apparatus 10 of the present embodiment
differs from the display control apparatus 10 of the first
embodiment in that the display control unit 14 controls
display when multiple viewpoints not only the azimuth of
which but also the angle of elevation of which vary are

present. Because the configuration of the display control
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apparatus 10 of the present embodiment is the same as that

of the display control apparatus 10 of the first embodiment,
explanation thereof is omitted. Moreover, because
explanation of the present embodiment is similar to the
explanation of the first embodiment, differences from the
first embodiment are specifically explained based on a
specific example.

[0058] FIG. 13 is a table indicating an example of
viewpoiht listing information of the display control
apparatus 10 of the third embodiment. The viewpoint
listing information includes, a viewpoint, an azimuth, an
angle of elevation, a horizontal angle of view, a vertical
angle of view, and a thumbnail. The viewpoint is
information to identify a viewpoint. The azimuth indicates
a position in the horizontal direction of a viewpoint on an
omnidirectional image. The horizontal angle of view
indicates a range in the horizontal diréction of the
omnidirectional image including the viewpoint in the center
of the image. The vertical angle of view indicate a range
in the vertical direction of the omnidirectional image
including the viewpoint in the center of the image. The
thumbnail is a reduced image of the partial omnidirectional
image including the viewpoint in the center thereof
displayed in the viewpoint listing image. . Coordinates of
viewpoints a to i on the omnidirectional image included in
the viewpoint listing information shown in FIG. 13 can be
expressed by putting the azimuth on a coordinate in the
horizontal direction and the angle of elevation on a
coordinate in the vertical direction.

[0059] FIG. 14 is a diagram illustrating an example of
the display image that is displayed on the display device
20 of the third embodiment. The display image includes an

omnidirectional image 60 and a viewpoint listing image 70.
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The omnidirectional image 60 shown in FIG. 14 is an example

of a case in which a viewpoint e on the omnidirectional
image is included in the center of the image. That is, it
is an example in which the display device 20 displays the
omnidirectional image 60 corresponding to display having
the viewpoint e in the center. The omnidirectional image
60 includes the viewpoint b on a left side of the image,
the viewpoint h on a right side of the image, the viewpoint
d on a central upper side of the image, and the viewpoint f
on a central lower side of the image, besides the viewpoint
e. It is indicated that the viewpoint a, the viewpoint c,
the viewpoint g, and the viewpoint i are outside the
display range of the omnidirectional image 60. As
described, even if being outside the range, the
cmnidirectional image is present, and this omnidirecticnal
image 60 signifies the omnidirectional image that is
displayed in the display range.

[0060] The viewpoint listing image 70 shown in FIG. 14
is an example when displayed at a lower part of a screen of
the display device 20. In the viewpoint listing image 70,
the thumbnails of the partial omnidirectional images
corresponding to the viewpoints a to i are displayed. The
display control unit 14 controls such that the thumbnail of
the partial omnidirectional image corresponding the
viewpoint e is displayed at a predetermined position in the
viewpoint listing image 70. 1In the display control
apparatus 10 according to the present embodiment, the
predetermined position is a position at the center of the
viewpoint listing image. _

[0061] Next, the size of thumbnails in the viewpoint
listing image 70 is explained. The display control unit 14
of the present embodiment determines thumbnails the size of

which is to be enlarged in the viewpoint listing image 70
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as follows. First, the display control unit 14 identifies

the viewpoint b, the viewpoint d, the viewpoint e, the
viewpoint £, and the viewpoint h as the viewpoints included
in the omnidirectional image 60, based on the horizontal
angle of view and the vertical angle of view of the
omnidirectional image 60, and coordinates (an azimuth and
an angle of elevation) of each viewpoint. The display
control unit 14 determines whether a viewpoint is included
in the image based on the horizontal angle of view of the
omnidirectional image 60 as for a coordinate of the
viewpoint in the horizontal direction (azimuth). The
display control unit 14 determines whether a viewpoint is
included in the image based on the vertical angle of view
of the omnidirectional image 60 as for a coordinate of the
viewpoint in the vertical direction (angle of elevation).
Because explanation of the method of determining whether or
not a viewpoint is included in an omnidirectional image of
the display image is the same as the explanation of the
first embodiment, detailed explanation thereof is omitted.
[0062] The display control unit 14 determines to enlarge
the thumbnail of the viewpoint e included in the
omnidirectional image 60 in the center thereof. Next, the
display control unit 14 determine, for viewpoints that are
included in the omnidirectional image 60 at positions other
than the center, whether to enlarge a thumbnail of a
partial omnidirectional image including the viewpoint in
the center. The display control unit 14 refers to the
angle of elevation of each of the viewpoints in the

viewpoint listing information in FIG. 13, and identifies a

viewpoint that has the same angle of elevation (0°) as that
of the viewpoint e included in the omnidirectional image 60

in the center, or an angle of elevation within a

predetermined range (for example, £10°). Such viewpoints
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are the viewpoint b and the viewpoint h. The display
control unit 14 determines to enlarge the size of the
thumbnail of the partial omnidirectional image that
includes the viewpoint b in the center and the thumbnail of
the partial omnidirectional image that includes the
viewpoint h in the center. In summary, the display control
unit 14 enlarges the size of the partial omnidirectional
images corresponding to the viewpoint b, the viewpoint e,
and the viewpoint h.
[0063] In other words, among viewpoints that are
included in the display range of the omnidirectional image
60, the display control unit 14 does not enlarge the size
of thumbnails of the partial omnidirectional images that
include viewpoints (the viewpoint d and the viewpoint f)
that differ in coordinate in the vertical direction from
the coordinate of the viewpoint e included in the
omnidirectional image 60 of the display image in the center.
Moreover, similarly to the case of the first embodiment,
the display control unit 14 does not enlarge a thumbnail of
a partial omnidirectional image that includes a viewpoint
that is not included in the display range of the
omnidirectional image 60.
(0064] The display control unit 14 in the display
control apparatus 10 of the present embodiment does not
enlarge the size of a thumbnail of a partial
omnidirectional image including a viewpoint that differs in
coordinate in the vertical direction from the coordinate of
a viewpoint that is included in the omnidirectional image
of the display image in the center, among viewpoints
included in the omnidirectional image of the display image.
According to the display control apparatus 10 of the
present embodiment, even when a difference of a viewpoint

occurs in the horizontal direction and the vertical
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direction, relation between a display range of an image

that is currently displayed on a screen and information
indicating a list of viewpoints on the image can be
clarified.

[0065] As a modification of the present embodiment, when
a coordinate in the horizontal direction differs, while the
size of a thumbnail of a partial omnidirectional image of a
viewpoint that differs is not enlarged, the size of a
thumbnail of a partial omnidirectional image of a Viewpoint
a coordinate in the vertical direction of which is
identical or within a predetermined range may be enlarged.
In such a case, as for the thumbnails in the viewpoint
listing image 70 shown in FIG. 14, the thumbnails of the
viewpoints e, d, and f are enlarged, and the thumbnails of
the viewpoints b and h are not enlarged.

[0066] Finally, a hardware configuratidn of an essential
part of the display control apparatus 10 according to the
first to the third embodiment are éxplained. FIG. 15 is a
block diagram illustrating an example of the hardware
configuration of the essential part of the display control
apparatus 10 of the first to the third embodiments. The
display control apparatus 10 of the first to the third
embodiments includes a control device 81, a main storage
device 82, an auxiliary storage device 83, an input device
84, and a communication device 85. The ccntrol device 81,
the main storage device 82, the auxiliary storage device 83,
the ihput device 84, and the communication device 85 are
connected to each other through a bus 86.

[0067] The control device 81 executes a program that is
read from the auxiliary storage device 83 to the main
storage device 82. The main storage device 82 is a memory
such as a ROM (read only memory) and a RAM (random access

memory). The auxiliary storage device 83 is, for example,
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a hard disk, or the like. The input device 84 is an

interface to input information to the display control
apparatus 10. The communication device 85 is an interface
to connect to a network.

[0068] A program that is executed in the display control
apparatus 10 of the first to the third embodiments may be
recorded in a computer-readable recording medium such as a
CD-ROM, a memory card, a CD-R, and a DVD (digital versatile
disk) in a file in an installable format or an executable
format, to be provided as a computer program product.
BAlternatively, the program that is executed in the display
control apparatus 10 of the first to the third embodiments
may be stored in a computer that is connected to a network
such as the Internet, to be provided through the network by
downloading. Alternatively, the program that is executed
in the display control apparatus 10-of the first to the
third embodiments may be provided or distributed through a
network such as the Internet without downloading.
Alternatively, the program of the display control apparatus
10 of the first to the third embodiments may be provided by
installing in advance in a ROM or the like.

[0069] The program that is executed in the display
control apparatus 10 of the first to the third embodiments
has a module configuration that includes functional blocks
(the acquiring unit 11, the creating unit 13, the display
control unit 14, and the accepting unit 15) that can be
implemented as a program from among respective functional
blocks of the display control apparatus 10 described above.
[0070] As for the modules, as actual hardware, the
program is read from the storage medium described above by
the control device 81 to be executed, thereby loading the
above respective modules on the main storage device 82.

That is, the above respective modules are generated on the
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main storage device 82. Note that a part or all of the

respective functional blocks of the display control
apparatus 10 may be implehented not by a program, and may
be implemented by hardware such as an IC (integrated
circuit).

EXPLANATION OF LETTERS CR NUMERALS

[0071]

10 Display control apparatus

11 Acquiring unit

12 Storage unit

13 Creating unit

14 Display control unit

15 Accepting unit

20 Display device

81 Control device

82 Main storage device

83 Auxiliary storage device

84 Input device

85 Communication device

86 Bus
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CLAIMS

1. A non-transitory computer-readable recording medium
that contains a computer program that causes a computer to
function as:

a creating unit that creates, from an image, a partial
image that is an image of a region of a part of the image,
and that includes in a center thereof an arbitrary
viewpoint on the image;

a display control unit that displays, on a display
device, a display. image that includes the image and a
viewpoint listing image that is a list of thumbnails of a
plurality of the partial images; and

an accepting unit that accepts input indicating a
change of the image in the display image, according to
operation made toward any one of the image and the
viewpoint listing image, wherein

the display control unit changes the image in the
display image according to the input indicating a change of
the image, and changes a sequential order of the thumbnails
in the viewpoint listing image such that a thumbnail of the
partial image corresponding to a region of the image to be
newly displayed according to the input indicating a change
of the image is displayed at a predetermined peosition in

the viewpoint listing image.

2. The non-transitory computer-readable recording medium
according to claim 1, wherein

the image is an omnidirectional image.

3. The non-transitory computer-readable recording medium
according to claim 1 or 2, wherein
the predetermined position is a position of a center

of the viewpoint listing image.
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4. The non-transitory computer-readable .recording medium
according to any one of claims 1 to 3, wheéerein

the image in the display image includes at least one
viewpoint, and

the display control unit makes a size of a thumbnail
of the partial image including, in a center thereof, the
viewpoint that is included in the image in the display
image larger thaﬁ a thumbnail of the partial image
including, in a center thereof, the Viewpéint that is not

included in the image in the display image.

5. The non-transitory computer-readable recording medium
according to any one of claims 1 to 3, wherein

the display control unit makes a size of a thumbnail
of the partial image including, in a center thereof, the
viewpoint that is included in the image in the display
image smaller than a thumbnail of the partial image
including, in a center thereof, the viewpoint that is not

included in the image in the display image.

6. The non-transitory computer-readable recording medium
according to any one of claims 1 to 5, wherein

the viewpoint is expressed by a coordinate in a
horizontal direction and a coordinate in a vertical
direction, and

the display control unit arranges the sequential order
of the thumbnails of the partial images in the viewpoint
listing image based on the coordinate in the horizontal

direction.

7. The non-transitory computer-readable recording medium

according to any one of claims 1 to 6, wherein
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the operation made toward the image is operation to

designate as the viewpoint on the image.

8. The non-transitory computer-readable recording medium
according to any one of claims 1 to 7, wherein

the operation made toward the viewpoint listing image
is any one of operation to choose a thumbnail of the
partial image in the viewpoint listing image, and operation
to change a thumbnail of the partial image that is
displayed at the predetermined position in the viewpoint

listing image by scrolling on the viewpoint listing image.

9. A display contrcl apparatus comprising:

a creating unit that creates, from an image, a partial
image that is an image of a region of a part of the image,
and that includes in a center thereof an arbitrary
viewpoint on the image;

a display control unit that displays, on a display
device, a display image that includes the image and a
viewpoint listing image that is a list of thumbnails of a
plurality of the partial images; and

an accepting unit that accepts input indicating a
change of the image in the display image, according to
operation made toward any one of the image and the
viewpoint listing image, wherein

the display control unit changes the image in the
display image according tec the input indicating a change of
the image, and changes a sequential order of the thumbnails
in the viewpoint listing image such that a thumbnail of the
partial image corresponding to a region of the image to be
newly displayed according to the input indicating a change

of the image is displayed at a predetermined position in
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the viewpoint listing image.

10. The display control apparatus according to claim 9,
wherein

the image is an omnidirectional image.

11. The display control apparatus according to claim 9 or
10, wherein
the predetermined position is a position of a center

of the viewpoint listing image.

12. The display control apparatus according to any one of
claims 9 to 11, wherein

the image in the display image includes at least one
viewpoint, and

the display control unit makes a size of a thumbnail
of the partial image including, in a center thereof, the
viewpoint that is included in the image in the display
image larger than a thumbnail of the partial image
including, in a center thereof, the viewpoint that is not

included in the image in the display image.

13. The display control apparatus according to any one of
claims 9 to 11, wherein

the display control unit makes a size of a thumbnail
of the partial image including, in a center thereof, the
viewpoint that is included in the image in the display
image smaller than a thumbnail of the partial image
including, in a center thereof, the viewpoint that is not

included in the image in the display image.

14. The display control apparatus according to any one of

claims 9 to 13, wherein
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the viewpoint is expressed by a coordinate in a
horizontal direction and a coordinate in a vertical
direction, and

the display control unit arranges the sequential order
of the thumbnails of the partial images in the viewpoint
listing image based on the coordinate in the horizontal

direction.

15. The display control apparatus according to any one of
claims 9 to 14, wherein
the operation made toward the image i1s operation to

designate as the viewpoint on the image.

16. The display control apparatus according to any one of
claims 9 to 15, wherein

the operation made toward the viewpoint listing image
is any one of operation to choose a thumbnail of the
partial image in the viewpoint listing image, and operation
to change a thumbnail of the partial image that is
displayed at the predetermined position in the viewpoint

listing image by scrolling on the viewpoint listing image.



